t 



(19) 



(12) 



(43) Date of publication: 

21.08.1996 Bulletin 1996/34 

(21) Application number: 96102292.8 

(22) Dateof filing: 15.02.1996 



Europaisches Patentamt 
European Patent Office 
Off ice europeen des brevets (11) EP 0 727 501 A1 

EUROPEAN PATENT APPLICATION 

(51) Int. Cl.«: C22C 9/06, B23K 35/30 



CXI 

m 

S3 







> 


(84) Designated Contracting States: 


• Nomura, Hiromi 


DE FR GB IT SE 


Toyota-Shi, Aichi-ken (JP) 






• Sato, Akio 


1 


(30) Priority: 17.02.1995 J P 53262/95 


Toyota-shI, Aichi-ken (JP) 






• Kanazawa, Isaka 




(71) Applicants: 


Toyota-Shi, Aichi-ken (JP) 


o 


• TOYOTA JIDOSHA KABUSHIKI KAISHA 


• Hidaka, Kensuke 


o 


Aichi-ken (JP) 


Nishiiru, Shimogyo-ku, Kyoto, 600 (JP) 




• FUKUDA METAL FOIL & POWDER CO., LTD 


• Nagai, Shozo 




Shi*mogyo-ku Kyoto-shi, Kyoto, 600 (JP) 


Nishiiru, Shimogyo-ku, Kyoto, 600 (JP) 




(72) Inventors: 


(74) Representative: KUHNEN, WACKER & PARTNER 


• Kawasaki, Ml nor u 


Aiois-Steinecker-Strasse 22 




Toyota-Shi, Aichi-ken (JP) 


D-85354 Freising (DE) 




• Takayanagi, Noboru 




Toyota-Shi, Aichi-ken (Jl^) 







(54) Wear-resistant copper-based alloy 

(57) A wear-resistant copper-based alloy includes 
10,0 to 30.0% by weight Ni. 2.0 to 15.0% by weight Fe. 
2.0 to 1 5.0% by weight Co. 0.5 to 5.0% by weight Si. 1 .0 
to 10.0% by weight Cr. 2.0 to 15.0% by weight at least 
one first optional element selected from the group con- 
sisting of Mo. Ti, Zr. Nb and V. at least one second 
optional element selected from the group consisting of 
C and O, and the balance of Cu and inevitable impuri- 
ties. A carbon content "X" and an oxygen content "Y" 
satisfy the following relationships; namely: 0^"X"^0.5. 
0^"Y"s0.05. and "Y"s(-0.8)("X")+0.04. The wear- 
resistant copper-based alloy enables to improve the 
toughness of weld bead, and to inhibit weld bead from 
cracking effectively in the solidifying process of a build- 
ing-up operation. 
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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

The present invention relates to a wear-resistant copper-based alloy. A wear-resistant copper-based alloy accord- 
ing to the present invention is applicable to improving the surface of an aluminum-based substrate in terms of wear- 
resistance by building-up. For example, the present wear-resistant copper-based alloy per se can be built-up on the sur- 
10 face of an aluminum-based substrate by means of high-density energy, such as laser, plasma, acetylene gas, and TIG 
(tungsten-inert gas) welding. 

Description of Related Art 

15 There have been available a variety of surface-treatment techniques for enhancing the wear-resistance, heat- 
resistance, and corrosion resistance of an aluminum-based substrate. One of the surface-treatment techniques is to 
build-up.a material, which is good in terms of the physical properties, on the surface of an aluminum-based substrate. 

For example, Japanese Unexamined Patent Publication (KOKAI) No. 4-297,536 discloses a technique, in which a 
copper-based alloy of good heat-resistance, wear-resistance and corrosion-resistance is built-up on the surface of an 

20 aluminum-based substrate by means of high-density energy (e.g., by irradiating a laser beam). The copper-based alloy, 

used in the building-up technique, consists essentially of Ni in an amount of from 10.0 to 30.0% by weight, Fe in an / 
amount of from 2.0 to 1 5.0% by weight, Cr in an amount of from 1 .0 to 1 0.0% by weight. Si in an amount of from 0.5 to 
5.0% by weight, Co in an amount of from 2.0 to 15.0% by weight, at least one element selected from the group consist- 
ing of Mo. W, Nb and V in an amount of from 2.0 to 15.0% by weight, and the balance of Cu and inevitable impurities. 

25 The copper-based alloy has a metallic structure, in which hard phases are dispersed in an a-phase. The hard 
phases contain hard particles of siliside. which include at least one element selected from the group consisting of Mo. 
W, Nb and V. For instance, the siliside can be molybdenum, wolfram, niobium or vanadium siliside. The a-phase 
includes Cu-Ni alloy The siliside hard particles exhibit a hardness of from 1 .200 to 1 ,300 in Hv, and strengthens the a- 
phase made of Cu-Ni alloy Thus, the siliside hard particles contribute to enhancing the wear-resistance of the copper- 

30 based alloy. Moreover, the siliside hard particles are likely to decompose at a temperature of about 500 ^'C or more even 
under a low-oxygen-partial-pressure condition, and are likely to produce oxide (e.g., molybdenum, wolfram, niobium or 
vanadium oxide). The oxide has a low melting point so that it melts during sliding operation. Accordingly, the molten 
oxide covers the surface of the copper-based alloy and prevents the a-phase matrix from contacting with a mating 
member. As a result, the. copper-based alloy exhibits a high self-lubricating characteristic during sliding operation. Thus, 

35 the copper-based alloy can have Improved wear-resistance and cohesion-resistance. 

However, when the conventional copper-based alloy is built-up on the surface of an aluminum-based substrate by 
a laser beam, the resulting built-up layer (i.e., weld bead) is likely to crack finely. The weld bead cracks, because, the 
conventional copper-based alloy exhibits lower fracture strength than residual tensile stress (or solidification-shrinkage 
stress) when it solidifies in the building-up operation. In the building-up operation, especially in the course of solidifying, 

40 it is possible to inhibit the weld bead from cracking to some extent by relieving the solidification-shrinkage stress. How- 
ever, such a countermeasure has not been done to the conventional copper-based alloy at all. ( 

SUMMARY OF THE INVENTION 

45 The present invention has been developed in view of the circumstances described above. It is therefore an object 
of the present invention to provide a wear-resistant copper-based alloy of high toughness, thereby enabling to effec- 
tively inhibit the resulting weld bead from cracking in the building-up operation, especially in the course of solidifying. 

A first embodiment of a wear-resistant copper-based alloy according to the present invention can solve the afore- 
mentioned problem of the conventional copper-based alloy, and comprises: 
so nickel (Ni) In an amount of from 10.0 to 30.0% by weight; 

iron (Fe) in an amount of from 2.0 to 15.0% by weight; 
cobalt (Co) in an amount of from 2.0 to 15.0% by weight: 
silicon (Si) in an amount of from 0.5 to 5.0% by weight; 
chromium (Cr) in an amount of from 1 .0 to 10.0% by weight; 
55 at least one first optional element selected from the group consisting of molybdenum (Mo), titanium (Ti). zirco- 

nium (Zr). niobium (Nb) and vanadium (V) in an amount of from 2.0 to 1 5.0% by weight; 

at least one second optional element selected from the group consisting of carbon (C) and oxygen (O); and 
the balance of copper (Cu) and inevitable impurities; 

wherein a content of the C, designated by ''X"% by weight, and a content of the O, designated by "Y"% by weight, 
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satisfy the following relationships (1) through (3): 

O^-X-^O.S: (1) 

5 Og"Y"^ 0.05; and (2) 

"Y''a(-0.8)rX")+0.04. (3) 

The first embodiment of the present wear-resistant copper-based alloy includes C and/or O in the controlled 
10 amounts. The actions of C and/or O can effectively inhibit the resulting welding bead from cracking in the building-up 
operation. 

Cu-NI-based alloys, rn which Co. Mo, Tl. Zr, Nb or V is added together with Si, have a metallic structure In which 
hard phases are dispersed in an a-phase matrix. The hard phases include siliside (e.g.. cobalt, molytxienum. titanium, 
zirconium, niobium or vanadium siliside). The a-phase matrix includes Cu-Ni-based alloys. The siliside and the a-phase 

75 matrix do not mix each other in liquid phase, and accordingly are separated in two liquid phases. The siliside has a 
larger specific gravity than that of the a-phase matrix. For example, MoSi2 has a specific gravity of 9.2. and WSi2 has 
a specific gravity of 19.3. Whereas, the a-phase matrix has a specific gravity of 8.9. Consequently, in the liquid phase, 
the siliside agglomerates below the a-phase matrix because of the specific gravity difference. 

However, when C is added to the Cu-Ni-based alloys, there arises cobalt, molybdenum, titanium, zirconium, nio- 

20 bium or vanadium carbide of low specific gravity For example, the arising carbide is MogC, and has a specific gravity of 
from 8.2 to 8.9. The carbide becomes nuclei which grow into the hard phases. Moreover, the cobalt, molybdenum, tita- 
nium, zirconium, niobium or vanadium siliside precipitates around the carbide so as to produce a high-melting-point 
composite compound. Accordingly, the siliside is dispersed uniformly so that the siliside is inhibited from agglomerating 
in the liquid phase. As a result, the first embodiment of the present wear-resistant copper-based alloy has a metallic 

25 Structure. In which the hard phases, made from the high-melting-point composite compound, are dispersed evenly and 
finely in the a-phase matrix, made from the Cu-Ni-based alloys. Hence, the first embodiment has improved toughness, 
and enables to effectively inhibit the resulting weld bead from cracking in the building-up operation. 

In the first embodiment, when C is present in an amount of less than 0.05% by weight (i.e.. "X"<0.05). the compos- 
ite compound, which includes the carbide nuclei and the siliside deposited around the carbide nuclei, inhibits the result- 

30 ing weld bead from cracking inadequately. Accordingly, it is preferred that C is present in an amount of 0.05% by weight 
or more (i.e.. "X"s0.05). Note that, when 0 is present in an amount of 0.05% by weight or more, and even when no O 
is present (i.e., "Y"=0), the carbide nuclei enable to inhibit the resulting weld bead from cracking adequately When C is 
present in an amount of more than 0.5% by weight (i.e., "X' >0.5), the carbide nuclei keep inhibiting the siliside from seg- 
regating, but free carbon precipitates in the resulting weld bead to weaken the toughness. Consequently it is preferred 

35 that C is present in an amount of 0.5% by weight or less (i.e., "X"£0.5). It is further preferred that C is present in an 
amount of from 0,05 to 0.4% by weight (i.e., 0.05^"X"^0.4). 

Further, in the first embodiment, when O is present, an SiOg protective layer can be formed on the surface of the 
resulting built-up layer. The Si02 protective layer effects annealing during solidification. Thus, it is possible to relieve the 
stress that results from shrinkage during solidification, and to effectively inhibit the resulting weld bead from cracking in 

40 the building-up operation. 

In the first embodiment, when O is present in a very small amount, the Si02 protective layer inhibits the resulting 
weld bead from cracking insufficiently. Note that, when O Is present in an amount of 0.04% by weight or more (i.e., 
"Y"s0.04). and even when no C Is present (i.e., "X-sO), the SiOa protective layer enables to inhibit the resulting weld 
bead from cracking sufficiently Accordingly, it is preferred that O is present in ari amount of 0,04% by weight or more 

45 (i.e.. "Y"s0.04). When O Is present in a very large amount, the temperature of the molten layer increases abruptly. As 
a result, the aluminum-based substrate melts excessively, is diluted extraordinarily, and generates hydrogen gas to pro- 
duce a large number of pin holes (gas defects) in the resulting built-up layer in the building-up operation. Additionally, 
O itself resides in the built-up layer to produce gas defects. Consequently, it Is preferred that O is present in an amount 
of 0.05% by weight or less (i.e., "Y"s0.05). It is further preferred that O is present in an amount of from 0.03 to 0.05% 

so by weight (i.e., 0.03s"Y"^0,05). 

Furthermore, in the first embodiment, when C is present in an amount of less than 0.05% by weight (i.e., 
0<''X"<0.05), and when O is adjusted so as to be present in an amount satisfying the following relationship (3) (i.e., 
"Y"a(-0.8)("X")+0.04), it Is possible to Inhibit the resulting welding bead from cracking properly. This advantage results 
from the fact that independent C or O inhibits the resulting weld bead from cracking less, but C and O synergetically 

55 inhibit the resulting weld bead from cracking effectively 

A second embodiment of a wear-resistant copper-based alloy according to the present invention can solve the 
aforementioned problem of the conventional copper-based alloy, and comprises: 
nickel (Ni) in an amount of from 10.0 to 30.0% by weight; 
iron (Fe) in an amount of from 2.0 to 1 5.0% by weight; 
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cobalt (Co) in an amount of from 2.0 to 1 5.0% by weight; 
silicon (Si) in an amount of from 0.5 to 5.0% by weight; 
chromium (Cr) in an amount of from 1 .0 to 1 0.0% by weight: 

at least one first optional element selected from the group consisting of molybdenum (Mo), titanium (Tl), zirco- 
5 nium (2r). niobium (Nb) and vanadium (V) in an amount of from 2.0 to 15.0% by weight; 

at least one second optional element selected from the group consisting of carbon (C) and oxygen (O); and 
the t)alance of copper (Cu) and inevitable impurities; 

wherein a content of the C. designated by "X"% by weight, and a content of the O. designated by "Y"% by weight, 
satisfy the following relationships (1) , (2) and (4); 

70 

0^"X"g0.5; (1) 



0^"Y"s0.05; and (2) 

15 ' . "Y"e(-0.6)CX'*)+0.03: and (3) 

lead (Pb), one of the Inevitable impurities, being present in an amount of 0.02% by weight or less. 
The second embodiment of the present wear-resistant copper-based alloy includes C and/or O in the controlled 
amounts. In addition. Pb is present as an inevitable impurity in the suppressed amount of 0.02% by weight or less. 

20 Hence, in addition to the advantages effected by the first embodiment, the second embodiment produces the following 
extra advantages, which primarily result from the suppressed amount of Pb as one of the inevitable impurities. 

The resulting built-up layer cracks because it has poor strength, or It is subjected to excessive shrinkage stress dur- 
ing solidification. The shrinkage stress depends on the terhperature variation in the transformation of the built-up layer 
from liquid phase to solid phase during solidification. Pb is a low melting-point metal, and is insoluble to most of the 

25 other constituent elements of the present wear-resistant copper-based alloy. For example, the first phase of the primary 
crystal of the present wear-resistant copper-based alloy has a melting point of about 1 .400 'C. Whereas. Pb has a melt- 
ing point of 327 *C. Accordingly. Pb remains as a liquid phase even in the final stage of solidification in the building-up 
operation, the temperature difference between the liquid phase and the solid phase remains as high as about 1 .000 °C. 
In short, it takes a long period of time for Pb to solidify completely. As a result, large shrinkage stress is likely to occur, 

30 and cracks are liable to develop beginning at completely-solidifying Pb. Hence, in the second embodiment. Pb, which 
adversely affects the cracking-resistance of the resulting build-up layer, is present in the suppressed amount of 0.02% 
by weight or less. Therefore, the second embodiment enables to effectively inhibit the resulting weld bead from cracking 
in the building-up operation. 

In the second embodiment, in which Pb, one of the inevitable Impurities, is present in the suppressed amount of 
35 0.02% by weight or less, it is possible to enlarge the contertt range of C and/or O, for instance, to decrease the lower 
content tiiereof. compared with that of the first embodiment. Thus, the second embodiment still effects to inhibit the 
resulting weld bead from cracking sufficiently. 

In the second embodiment, when C is present in an amount of less than 0.05% by weight (i.e., 0<"X"<0.05), and 
when O is adjusted so as to be present in an amount (i:e.. 'Y") satisfying the following relationship (4) (i.e., 
40 ''Y"a(-0.6)("X")+0.03), it is possible to Inhibit the resulting welding bead from cracking adequately. 

Note that, similarly to the first embodiment, when C is present in an amount of 0.05% by weight or more (i.e. 
"X''g0.05), and even when no O is present (i.e., "Y"=0), the second embodiment inhibits the resulting weld bead from 
cracking properly. Consequently, it is preferred that C is present in an amount of 0.05% by weight or more (i.e., 
"X"a0.05). 

45 In the second embodiment, note that when O is present in an amount of 0.03% by weight or more, and even when ' 
no C is present (i.e., "X"=0), the second embodiment inhibits the resulting weld bead from cracking sufficiently. Accord- 
ingly, it is preferred that O is present in an amount of 0.03% by weight or more (i.e., 'Y"s0.03). Note that, due to the 
similar reasoning set forth in the first embodiment, the upper limit of the C and/or O content was adjusted to be 0.5% 
by weight (i.e., "X"g0.5), and 0.05% by weight (i.e.. "Y"^o.05), respectively 

so Likewise, in the second embodiment, it is further preferred that C is present in an amount of from 0.05 to 0.4% by 
weight (i.e.. 0.05<"X"<0.4). and that O is present in an amount of from 0.03 to 0.05% by weight (i.e.. 0.03:£'Y"<0.05). 

Thus, the first and second embodiments can inhibit the silisides from agglomerating in their molten states because 
the fine composite compounds are dispersed evenly therein. Accordingly, the first and second embodiments provide the 
following extra advantages when they are made into powders or rods from tineir molten states. 

55 When the silisides agglomerate in a preparation of powders, for instance, by a gas atomizing process, the agglom- 
erated silisides stuck a nozzle of a tundish. As a result, the material loss is adversely affected in the melting operation, 
or the compositions of the resulting powders vary greatiy On the contrary, the first and second embodiments are free 
from these problems. Even when the first and second embodiments are made into rods from their molten states, the 
compositions of the resulting rods vary less. 
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In accordance with the present invention. C and/or O are present in the specified anriounts in the first and second 
embodiments of the present wear-resistant copper-based alloy. Hence, the first and second embodiments enable to 
inhibit the resulting weld bead from cracking in the building-up operation effectively. They can be applied to a mass-pro- 
duction of aluminum-based cylinder heads. For example, they can be used to build-up valve seats of mass-produced 

5 aluminum-based cylinder heads. Further, they can improve the productivity of their powders from their molten states, 
and can suppress the fluctuation in the conrtposrtions of the resulting powders. Furthermore, they enable to reduce pro- 
duction cost when they are made into powders and rods from their molten states. 

Hereinafter, the other constituent elements of the present wear-resistant copper-based alloy, and how their compo- 
sitions were determined will be described. 

10 Nickel (Ni): part of Ni dissolves in Cu to form a Cu-Ni phase (i.e., the matrix of the present wear-resistant copper- 
based alloy), the other part thereof forms nickel silisides to strengthen the matrix. Moreover, Ni Is needed to include Co. 
Mo, Ti, Zr, Nb. V, Cr or Fe, which is an element for upgrading wear-resistance, in the present wear-resistant copper- 
based alloy When Ni is added in an amount of less than 10.0% by weight, the resulting copper-based alloy does not 
exhibit properties, such as corrosion -resistance and wear-resistance which are comparable with those of conventional 

75 Cu-Ni-based alloy, and contains Co. Mo, Ti, Zr, Nb. V. Cr or Fe in a decreased amount only. When Ni is added in an 
increased amount, the resulting copper-based alloy is likely to melt, but includes phases in which Cu solves in a 
decreased amount. Thus, the resulting copper-based alloy loses the inherent properties of copper-based alloy, such as 
high heat conductivity and comformability with mating member. Consequently, the upper content of Ni is adjusted to be 
30.0% or less. Thus, the present wear-resistant copper-based alloy Includes Ni in an amount of from 10.0 to 30.0% by 

20 weight, preferably in an amount of from 12.0 to 25.0% by weight. 

Iron (Fe): Fe operates similarly to Ni and Co in terms of the solubility of the present wear-resistant copper-based 
alloy, and accordingly can substitute for part of Ni and Co. When Fe substitutes for part of Ni and Co. it is possible to 
employ ferromolybdenum as a source of a raw molten material for Mo, Ti, Zr. Nb or V. As a result, it is possible to obtain 
an economic advantage, the reduction in production cost. In view of the Fe content of ferromolybdenum and the content 

25 of Mo. Ti, Zr. Nb or V of the present wear-resistant copper-based alloy, the present wear-resistant copper-based alloy 
includes Fe in an amount of from 2.0 to 15.0% by weight, preferably in an amount of from 3.0 to 10.0% by weight. 

Cobalt (Co): Co little dissolves in Cu. However. Co is alloyed with part of Ni to form the high-melting-point composite 
compounds together with Si. Ti. Zr, Nb. V. Cr or C, thereby enhancing the wear-resistance of the present wear-resistant 
copper-based alloy When Co is added in an amount of less than 2.0% by weight, the high-melting-point composite 

30 compounds are produced in an insufficient amount to degrade the wear-resistance of the resulting copper-based alloy 
When Co is added in an amount of more than 15.0% by weight, the high-melting-point composite compounds are pro- 
duced in an excessive amount to deteriorate the toughness of the resulting copper-based alloy. Moreover, if such is the 
case, the resulting copper-based alloy cannot be processed into powders with ease because it exhibits a liquidus curve 
at elevated temperatures in the phase diagram. Thus, the present wear-resistant copper-based alloy includes Co in an 

35 amount of from 2.0 to 15.0% by weight, preferably in an amount of from 2.0 to 10.0% by weight. 

Silicon (SO: Si reacts with Ni to form nickel siliside to strengthen the matrix of the present wear-resistarit copper- 
based alloy Moreover, Si reacts with Co. Mo, Ti, Zr. Nb, V, Cr or C, which is an element for upgrading wear-resistance, 
to produce the high-melting-point composite compounds, thereby enhancing the wear-resistant of the present wear- 
resistant copper-based alloy When Si is added in an amount of less than 0.5% by weight, the high-melting-point com- 

40 posite compounds are produced in an insufficient amount to degrade the wear-resistance of the resulting copper-based 
alloy When Si is added In an amount of more than 5.0% by weight, the nickel silisides and the high-melting-point com- 
posite compounds are produced in excessive amounts to deteriorate the toughness of the resulting copper-based alloy. 
Thus, the present wear-resistant copper-based alloy includes Si in an amount of from 0.5 to 5.0% by weight, preferably 
in an amount of from 0.5 to 3.5% by weight. 

45 Chromium (Cr): Cr little dissolves in Cu. However, Cr is alloyed with part of Ni and/or Co to improve the oxidation- 
resistance of the present wear-resistant copper-based alloy Further. Cr forms the highTmelting-poInt composite com- 
pounds together with Si, Co. Mo, Ti, Zr. Nb, V or C, thereby enhancing the wear-resistance of the present wear-resistant 
copper-based alloy. Furthermore, when the building-up operation Is carried out with a powder by means of laser, Cr 
bonds with O to form a stable oxide film, and upgrades the weldability in the powder-building-up by means of laser. 

so When Cr is added in an amount of less than 1 .0% by weight, the high-melting-point composite compounds are pro- 
duced in an insufficient amount to degrade the wear-resistance of the resulting copper-based alloy. When Cr is added 
in an amount of more than 10.0% by weight, the high-melting-point composite compounds are produced in an exces- 
sive amount to deteriorate the toughness of the resulting copper-based alloy. Moreover, if such is the case, the resulting 
copper-based alloy cannot be processed into powders with ease because it exhibits a liquidus curve at elevated tem- 

55 peratures in the phase diagram. Thus, the present wear-resistant copper-based alloy includes Cr in an amount of from 
1 .0 to 10.0% by weight, preferably in an amount of from 1 .0 to 5.0% by weight. 

Molybdenum (Mo). Titanium (TI). Zirconium (Zr), Niobium (Nb) or Vanadium (V): Mo, Ti. Zr, Nb or V does not solve 
in Cu. but is alloyed with Co and/or part of Ni to improve the heat resistance of the present wear-resistant copper-based 
alloy Moreover. Mo, Ti. Zr, Nb or V reacts with Si. Co. Cr or C to produce the high-melting-point composite compounds, 
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thereby enhancing the wear-resistant of the present wear-resistant cxjpper-based alloy. When the first optional element. 
>which is at least one element selected from the group consisting of Mo. Ti, Zr, Nb and V. is added in an amount of less 
than 2-0% by weight, the high-melting-point composite compounds are produced in an insufficient amount to degrade 
the wear-resistance of the resulting copper-based alloy. When the first optional element is added in an amount of more 

5 than 15.0% by weight, the high-meiting-point composite compounds are produced in an excessive.amount to deterio- 
rate the toughness of the resulting copper-based alloy. Moreover, if such is the case, the resulting copper-t)ased alloy 
cannot be processed into powders with ease because it exhit)its a liquidus curve at elevated temperatures in the phase 
diagram. Thus, the present wear-resistant copper-based alloy includes at least one first optional element, which is 
selected from the group consisting of Mo. Ti. Zi. Nb and V. in an amount of from 2.0 to 15.0% by weight, preferably in 

10 an amount of from 2.0 tol 0.0% by weight 

BRIEF DESCRIPTION OF THE DRAWINGS 

A more complete appreciation of the present Invention and many of its advantages will be readily obtained as the 
15 same becomes better understood by reference to the following detailed description when considered in connection with 
the accompanying drawings and detailed specification, all of which forms a part of the disclosure: 

Fig. 1 is a perspective view of a test specimen which was used to evaluate preferred embodiments of a wear-resist- 
ant copper-based alloy according to the present invention; 

20 Fig. 2 is a cross-sectional view taking along line "2"-"2" of Fig. 1 ; 

Fig. 3 is a diagram for illustrating a relationship between carbon content "X" and crack occurrence; 
Fig. 4 is a diagram for illustrating a relationship between cariDon content "X" and weld-bead-fracture distortion: 
Fig. 5 is a scanningrelectron-microscope photomicrograph for showing a metallic structure of a built-up layer which 
was made from a preferred embodiment of the present wear-resistant copper-based alloy whose carbon content 

25 was 0.05 % by weight; 

Fig. 6 is a scanning-electron-microscope photomicrograph for showing a metallic structure of a built-up layer which 
was made from the pi-eferred embodiment shown in Fig. 5. and shows the copper component only; 
Fig. 7 is a scanning-electron-microscope photomicrograph for showing a metallic structure of a built-up layer which 
was made from the preferred embodiment shown in Fig. 5, and shows the nickel component only; 

30 Fig. 8 is a scanning-electron-microscope photomicrograph for showing a metallic structure of a built-up layer which 
was made from the preferred embodiment shown in Fig. 5, and shows the molytxienum component only; 
Fig. 9 is a scanning-electron-microscope photomicrograph for showing a metallic structure of a built-up layer which 
was made from the preferred embodiment shown in Fig. 5, and shows the silicon component only; 
Fig. 10 is a scanning-electron-microscope photomicrograph for showing a metallic structure of a built-up layer 

35 which was made from the preferred embodiment shown in Fig. 5, and shows the carbon component only; 

Fig. 11 is a scanning-electron-microscope photomicrograph for showing a metallic structure of a built-up layer 
which was made from a preferred embodiment of the present wear-resistant copper-based alloy whose carbon 
content was 0.5 % by weight; 

Fig. 12 is a scanning-electron-microscope photomicrograph for showing a metallic structure of a built-up layer . 
40 which was made from the preferred embodiment shown in Fig. 1 1 , and shows the copper component only; 

Fig. 13 is a scanning-electron-microscope photomicrograph for showing a metallic structure of a built-up layer 
. which was made from the preferred embodiment shown in Fig. 1 1 , and shows the nickel component only; 

Fig. 14 is a scanning-electron-microscope photomicrograph for showing a metallic structure of a built-up layer 

which was made from the preferred embodiment shown in Fig. 1 1 , and shows the molytxienum component only; 
45 Fig. 15 is a scanning-electron-microscope photomicrograph for showing a metallic structure of a built-up layer 

which was made from the preferred embodiment shown in Fig. 11, and shows the silicon component only; 

Fig. 16 is a scanning -electron-microscope photomicrograph for showing a metallic structure of a built-up layer 

which was made from the preferred embodiment shown in Fig. 1 1 , and shows the carbon component only; 

Fig. 17 is a scanning-electron-microscope photomicrograph for showing a metallic structure of a built-up layer 
50 which was made from a comparative copper-based alloy whose carbon content was 0.7% by weight: 

Fig. 18 is a scanning-electron -microscope photomicrograph for showing a metallic structure of a built-up layer 

which was made from the comparative copper-based alloy shown in Fig. 17, and shows the copper component 

only; 

Fig. 19 is a scanning-electron -microscope photomicrograph for showing a metallic structure of a built-up layer 
55 which was made from the comparative copper-based alloy shown in Rg. 1 7. and shows the nickel component only; 
Fig. 20 is a scanning-electron -microscope photomicrograph for showing a metallic structure of a built-up layer 
which was made from the comparative copper-based alloy shown in Fig. 1 7. and shows the molybdenum compo- 
nent only; 
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Fig. 21 is a scanning-electron-microscope photomicrograph for showing a metallic structure of a built-up layer 
which was made from the comparative copper-t)ased alloy shown in Rg. 1 7, and shows the silicon component only; 
Fig. 22 is a scanning-electron-microscope photomicrograph for showing a metallic structure of a built-up layer 
which was made from the comparative copper-based alloy shown in Fig. 17, and shows the carbon component 
5 only; 

Fig. 23 is an electron-microscope photomicrograph for showing a metallic structure of a cast ingot in cross-section, 
cast ingot which was made from a comparative copper-based alloy whose carbon content v/as 0.0006% by weight; 
Fig. 24 is an electron -microscope photomicrograph for showing a metallic structure of a cast ingot in cross-section, 
cast ingot which was made from a comparative copper-based alloy whose carbon content was 0.01% by weight: 
10 Fig. 25 is an electron-microscope photomicrograph for showing a metallic structure of a cast ingot in cross-section, 
cast ingot which was made from a comparative copper-based alloy whose carbon content was 0.03% by weight; 
Fig. 26 is an electron-microscope photomicrograph for showing a metallic structure of a cast ingot in cross-section, 
cast ingot which was made from a preferred emkx>diment of the present copper-based alloy whose cartx)n content 
was 0.05% by weight; 

75 Fig. 27 is an electron-microscope photomicrograph for showing a metallic structure of a cast ingot in cross-section, 
cast ingot which was made from a preferred emlxxiiment of the present copper-based alloy whose carbon content 
was 0. 1 % by weight; 

Fig. 28 is an electron -microscope photomicrograph for showing a metallic structure of a cast ingot in cross-section, 
cast ingot which was made from a preferred embodiment of the present copper-based alloy whose carbon content 
20 was 0.2% by weight: 

Fig. 29 is an electron-microscope photomicrograph for showing a metallic structure of a cast ingot in cross-section, 
cast ingot which was made from a preferred embodiment of the present copper-based alloy whose carbon content 
was 0.5% by weight: 

Fig. 30 is an electron-microscope photomicrograph for showing a metallic structure of a cast ingot in cross-section, 
25 cast ingot which was made from a comparative copper-based alloy whose carbon content was 0.7% by weight; 

Fig. 31 is a diagram for illustrating a relationship among carbon content "X", oxygen content "Y" and crack occur- 
rence; 

Fig. 32 is a diagram for illustrating a relationship between carbon content "X" and crack occun-ence; 

Fig. 33 is a diagram for illustrating a relationship among carbon content "X'\ oxygen content "Y" and crack occur- 

30 rence; and 

Fig. 34 is a diagram for illustrating a relationship between lead (Pb) content and crack occurrence. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

35 Having generally described the present invention, a further understanding can be obtained by reference to the spe- 
cific preferred embodiments which are provided herein for the purpose of illustration only and not Intended to limit the 
scope of the appended claims. 



40 



First Preferred Embodiment 



Wear-resistant copper-based alloy powders, which had compositions as recited in Table 1 below, were produced 
by a gas atomizing process. Note that the resulting powders had a grain size of from 80 to 350 meshes. In the gas atom- 
izing process, the powders of the raw alloying elements were heated at 1 ,700 *C in an oven to prepare about 100 kg of 
molten metal for each of the copper-based alloy powders. The molten metal was charged in a container (i.e., a tundish) 

45 with a nozzle provided at the bottom. Then, the molten metal was discharged through the nozzle. An N2 gas was 
sprayed onto the discharged molten metal to pulverize the molten metal. The pulverized molten metal was kept in the 
N2 atmosphere to cool. The copper-based alloy powders set forth in Table 1 were thus prepared. 

In the copper-based alloy powders, the content of O could be controlled by adjusting the oxygen concentration In 
the atomizing chamber. Note that, however, the contents of the inevitable impurities, such as Pb. Al. P. S, Sn, Zn, Bl. Sb. 

so Mg, and so on, were not controlled. Accordingly in the copper-based alloy powders, it Is believed that Pb was present 
as an inevitable impurity in an amount of about 0.03% by weight, and that the other inevitable impurities, such as Al. P. 
S. Sn. Zn. Bi, Sb, Mg. and so on. were present in a total amount of 0.5% by weight. 
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Evaluation on Powder Producibilitv 

The copper-based alloy powders of the First Preferred Embodiment according to the present invention and those 



8 



BNSDOCIO: <EP ^0727501 A1_l_> 



EP 0 727 501 A1 



of Comparative Examples were examined for powder producibility. In this evaluation, the nozzle of the tundish was 
checked whether it was closed by the approximately 100 kg molten rnetal during the powder preparation by the atom- 
izing process. Moreover, the resulting alloy powders were cast into ingots by solidifying at a rate; namely: they were 
cooled from 1,500 ''C to about 15 ""C in a minute. The thus prepared ingots were cut. and their cross-sections were 
£ obsen/ed visually whether segregation occurred therein. The results of this evaluation are also summarized in Table 1 . 
It is understood from Table 1 that copper-based alloy powder Nos. 1 through 6 of the First Preferred Embodiment 
did not close the nozzle, and that no segregation occurred in the ingots which were made from copper-based alloy pow- 
der Nos. 1 through 6. 

On the other hand, comparative copper-based alloy powder No. 7 whose carbon content was too small closed the 
10 nozzle, and segregation occurred in the ingots which were made from comparative copper-based alloy powder No. 7. 
Thus, in copper-based alloy powder No. 7, such a small carbon content could not prevent the segregation, and silisides 
of Mo. etc.. agglomerated. 

Evaluation on Toughness 

15 

The copper-based alloy powders of the First Preferred Embodiment according to the present invention and those 
of Comparative Examples were also examined for toughness. In this evaluation, the molten metal of each of the copper- 
based alloy powders was collected and charged into a shell mold to cast rectangular parallelepiped test specimens. The 
cas test specimens were finished to have a dimension of 10 mm x 10 mm x 55 mm, and subjected to a Charpy impact 
20 strength test to measure an impact value in units of 1 kgf • m/cm^. The results of this evaluation are also summarized 
in Table 1 . 

It is appreciated from Table 1 that all of the test specimens, made from copper-based alloy powder Nos. 1 through 
6 of the First Preferred Embodiment, exhibited an impact value of more than 1.0 kgf • m/cm^. and that they had 
improved toughness over those of the test specimens, made from comparative copper-based alloy Nos. 7 and 8. 
25 It is believed that, in copper-based alloy powder Nos. 1 through 6, C was present in such a content that it inhibited 
the segregation. Specifically, the composite compounds, which included the carbide nuclei and the siliside deposited 
around the carbides nuclei, inhibited the silisides from agglomerating. Moreover, the composite compounds, working as 
hard phases, were dispersed evenly in the matrix. 

On the. other hand, it is believed that, in copper-based alloy powder No. 7, C was present in such a small conteht 
30 that it could not inhibit the segregation adequately Accordingly, the silisides of Mo, and so on, agglomerated. Moreover, 
it is believed that, in copper-based alloy powder No. 8, C was present in such a large amount that free carbons precip- 
itated to degrade the toughness of the test specimens. 

Note that the same advantages were produced not only when Ti, 2r, Nb or V substituted for Mo in copper-based 
alloy powder Nos. 1 through 7, but also when two or more elements, which were selected from the group consisting of 
35 Mo. Ti, Zr, Nb and V, substituted for Mo in copper-based alloy powder Nos. 1 through 7. 

Second Preferred Embodiment 

In the Second Preferred Ent)Odiment. .the contents of Ni. Si. Co, Mo. Cr, Fe and O were controlled to 16.0% by 
40 weight, 2.80% by weight. 7.40% by weight, 6.2% by weight, 1 .4% by weight, 4.90% by weight, and 0.0030% by weight, 
respectively Moreover, the content of C was varied diversely TTie raw alloying elements thus prepared were processed 
in the same manner as the First Preferred Embodiment to produce a variety of wear-resistant copper-based alloy pow- 
ders which had a grain size of from 80 to 350 meshes. 

Note that, also in the Second Preferred Embodiment, the contents of the inevitable impurities, such as Pb, AI. P. S, 
45 Sn, 2n, Bi, Sb, Mg, and so on, were not controlled. Accordingly, in the copper-based alloy powders of the Second Pre- 
ferred Embodiment, it is believed that Pb was present as an inevitable impurity in an amount of about 0.03% by weight, 
and that the other inevitable impurities, such as AI, P, S. Sn, Zn, Bi, Sb, Mg, and soon, were present in a total amount 
of 0.5% by weight. 

Moreover, a plurality of cylindrical test specimens 1 as illustrated in Figs. 1 and 2 were made from an aluminum 
so alloy. Note that the aluminum alloy was equivalent to an "AC2B'' aluminum alloy as per J IS (Japanese Industrial Stand- 
ard); namely: it included Cu in an amount of from 2.0 to 4.0% by weight, Si in an amount of from 5.0 to 7.0% by weight. 
Mg in an amount of 0.5% by weight or less, Zn in an amount of 1 .0% by weight or less. Fe in an amount of 1 .0% by 
weight or less, Mn in an amount of 0.5% by weight or less. Ni in an amount of 0.5% by weight or less, Ti in an amount 
of 0.2% by weight or less, and the balance of AI. The test specimens had an outside diameter of 50 mm and a height 
55 of 40 mm, and was provided with a slope 1a on the top surface. As illustrated in Fig. 2, the slope la tapered from wide 
to narrow in the direction toward the center. 

The slope la of the cylindrical test specimens 1 was built-up with the wear-resistant copper-based alloy powders 
by means of laser under the following conditions: 
Laser output: 4.5 kW; 
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Built-up width: from 3 to 1 0 mm; 
Building-up rate: 900 mm/min.; 
Shielding gas: Argon {As): 
Flow of shielding gas; 10 Umin.; and 
5 Built-up thickness; from 1 .5 to 2.5 mm. 

Thus, a built-up layer 2 was formed as illustrated in Fig. 2. 

Evaluation on Weld-bead Cracks 

10 The resulting built-up layers 2 were examined for crack occunrence in the weld beads. Fig. 3 illustrates the results 
of this evaluation. In Rg. 3. the blank arrow designates the area where the silisides disappeared, and the toughness of 
the weld beads decreased because the carbides arose in a large amount. 

Note that 100 pieces of the test specimens 1 in total were examined for crack occurrence, and the crack occurrence 
was calculated by the following equation: 

15 

(Crack Occurrence (%))*= {(Number of Cracked Test Specimens)/(Total Test Specimens)) x 100 

It is apparent from Fig. 3 that the crack occurrence decreased sharply and could be suppressed to 0.05% or less 
when the C was present in an amount of 0.05% by weight or more. This phenomenon is understood as follows; namely: 
' 20 when no C is present or when the content of C is too small, the hard silisides agglomerate. On the other hand, when C 
is present in the controlled amount, the high-melting-point composite compounds arise. The composite compounds 
include carbides like M02C. and silisides are formed and deposited around the carbides. The resulting copper-based 
alloy comes to have a metallic structure in which the composite compounds disperse evenly In the a-phase matrix of 
Cu-Ni alloy. As a result, the resulting copper-based alloy exhibits Improved toughness. 

25 Moreover, when the silisides agglomerate to form silisides hard phases, the absorption of laser beam increases at . 

the silisides agglomeration locally 20 times as much as that of the a-phase matrix of Cu-Ni alloy, which is carried out by 
means of laser onto joints free from the silisides agglomeration. Thus, the aluminurn-based substrate is melted exces- 
sively, and thereby diluted in the a-phase matrix of Cu-Ni alloy. As a result, the intermetallic compounds, such as Cu-AI 
and Ni-AI, arise in the a-phase matrix. The intermetallic compounds exhibit a weld-bead-fracture stress of 0. 1% of less, 

30 and can hardly endure the shrinkage stress during solidiification. Thus, cracks develop starting at the intermetallic com- 
pounds. 

Let us consider the crack occurrence where a cylinder head having 16 valve seats is built-up with a copper-based 
alloy. It is understood from Fig. 3 that, when no C was present, the weld bead exhibited a crack occurrence of 5.5% or 
more. In the cylinder head having such a weld bead, it is assumed that the crack occurrence (or fraction defective) 
35 would increase up to 88%. Hence, such a copper-based alloy cannot be used practically. On the other hand, when the 
C was present in an amount of 0.05% by weight or more, the weld bead exhibited a crack occurrence of 0.05% or less. 
In the cylinder head having such a weld bead, it is assumed that the crack occun-ence (or fraction defective) would 
decrease down to 0.8%. Hence, such a copper-based alloy can be used practically. 

40 Evaluation on Fracture Strain in Built-up Laver 

The built-up layers 2, prepared in the Second Preferred Embodiment, were examined for fracture strain. For exam- 
ple, the built-up layers 2 were machined to test specimens formed as a rectangular paralielpiped of 15 mm x 25 mm x 
10 mm. The test specimens were subjected to a load at the center of its length (e.g., 25 mm). Thus, the test speciments 
45 were bent, and were examined for a length variation (or an elongation from 25 mm) at fracture to calculate a fracture 
strain. Note that the load was applied to the test specimens at a rate of 0.02 mm/sec. The fracture strain was deter- 
mined by the following equation: 

(Fracture Strain (%)) = {("A" - "B")rA"} x 100; 

50 

wherein "A" designates the length of the test specimen before the test, and "B" designates the length of the test 
specimen at fracture (or after the test). Fig. 4 illustrates the results of the fracture-strain evaluation. In Fig. 4. the double- 
headed arrow designates the area where cracks occurred due to thermal shrinkage. 

As can be appreciated from Fig. 4. the larger the carbon content was. the greater the fracture strain was. and the 
55 more the weld beads were unlikely to crack. However, when the carbon content exceeded 0.4% by weight, the fracture 
strain decreased. Thus, the weld beads were likely to crack due to the thermal shrinkage. It is believed that the fracture 
strain decreased because M02C precipitated excessively when the carbon content exceeded 0.4% by weight. There- 
fore, it Is preferred that the upper limit of the carbon content be 0.4% by weight. 
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Evaluation on Transformation of Hard Phase 

Three of the built-up layers 2 of the Second Preferred Embodiment were observed by a scanning electron micro- 
scope (SEM) for their metallic structure. Note that the 3 built-up layers 2 had a carbon content of 0.05% by weight, 0.5% 
5 by weight and 0.7% by weight, respectively Figs. 5 through 22 shows the results of this observation as SEM photomi- 
crographs. 

Figs. 5 through 1 0 show the built-up layer 2 whose carfc)on content was 0.05% by weight Figs. 1 1 through 1 6 show 
the built-up layer 2 whose carbon content was 0.5% by weight. Figs. 1 7 through 22 show the built-up layer 2 whose car- 
bon content v^as 0.7% by weight. Note that, in Figs. 6 through 10, Figs. 12 through 16, and Figs. 18 through 22, V^e 
10 whitish portions are highly-concentrated portions of Cu. Ni. Mo. Si. and C. These photomicrographs clearly show that 
the high-melting-point composite compounds were formed which included the nuclei of carbides, such as MoC, and sil- 
isides deposited around the nuclei. 

Whereas, Figs. 1 7 through 22 show the built-up layer 2 which was made from comparative copper-based alloy and 
whose carbon content was 0.7% by weight. As can be easily seen from Fig. 22. the free carbons, the whitish rod-like 
75 portions, precipitated in the comparative built-up layer 2. 

Evaluation on Dispersibiiitv of Hard Phase 

Except that the carbon content was varied to 0.0006% by weight. 0.01% by weight, 0.03% by weight. 0.05% by 
20 weight, 0. 1% by weight, 0.2% by weight, 0.5% by weight, and 0.7% by weight, the other raw alloying elements were pre- 
i\ pared in the same amounts as those of the Second Preferred Embodiment. The raw alloying elements were heated to 

^ 1 ,500 ''C to prepare 8 molten metals. The raw alloying elements were cast into ingots. The resulting ingots were cut. 

and their cross-sections were observed by an optical microscope. Figs. 23 through 30 shows the results of this obser- 
vation as photomicrographs. Note that the molten metals were solidified by cooling them gradually at a rate of from 10 
25 to 10^ *'C/sec. 

Figs. 26 through 30 show that, when the carbon content "X" was 0.05% by weight or more, the high-melting-point 
composite compounds were formed which included nuclei of the carbides, and silisides deposited around the nuclei, 
and that the composite compounds were dispersed evenly and finely in the a-phase matrix of Cu-Ni alloy. On the con- 
trary Figs. 23 through 25 show that, when the cariDon content "X" was less than 0.05% by weight (i.e., *'X''<0.05). sili- 
30 sides (i.e.. the blackish portions) agglomerated below. 

Third Preferred Embodiment 

In the Third Preferred Embodiment, the contents of Ni, Si. Co. Mo, Cr, and Fe were fixed to 1 6.0% by weight, 2.80% 
35 by weight. 7.40% by weight. 6.2% by weight, 1 .4% by weight, and 4.90% by weight, respectively Moreover, the contents' 
of C and O were varied diversely. The raw alloying elements thus prepared were processed in the same manner as the 
First Preferred Embodiment to produce a variety of wear-resistant copper-based alloy powders which had a grain size 
of from 80 to 350 meshes. 

Note that, also in the Third Preferred Embodiment, the contents of the inevitable impurities, such as Pb. Al, P, S, 
40 Sn. Zn, Bi, Sb, Mg, and so on, were not controlled. Accordingly in the copper-based alloy powders of the Third Pre- 
) ferred Embodiment, it is believed that Pb was present as an inevitable impurity in an amount of about 0.03% by weight, . 

and that the other inevitable innpurities. such as Al. P, S. Sn. Zn, Bi, Sb. Mg, and so on, were present in a total amount 
of 0.5% by weight. 

The resulting copper-based alloy powders were used to form the built-up layer 2 as illustrated in Figs. 1 and 2 by 
45 means of laser under the same conditions as those of the Second Preferred Embodiment. 

Evaluation o n Weld-bead Cracks 

The resulting built-up layers 2 were examined for crack occurrence and pin holes in the weld beads. Rg. 31 illus- 
50 trates the results of this evaluation. In Fig. 31 , blank circles (O) designate the crack occurrence of 0.05% or less, blank 
triangle (a) designate the crack occurrence of from 0,05 to 1.0%. crosses (X) designate the crack occurrence of 1.0% 
or more, and solid triangle (A) designate the occurrence of appreciable pin holes. Also in Fig. 31 , the blank arrow des- 
ignates the area where the silisides disappeared, and the toughness of the weld beads decreased because the car- 
bides arose in a large amount. 

55 Note that 1 00 pieces of the test specimens 1 in total were examined for crack occurrence, and the aack occurrence 
was calculated by the following equation: 

(Crack Occun-ence (%)) = {(Number of Cracked Test Specimens)/(Total Test Specimens)} x 100 
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It is apparent from Fig. 31 that, when the carbon content "X" and oxygen content "Y" satisfied the aforementioned 
relationships (1) through (3). the crack occurrence could be reduced to 0.05% or less, and simultaneously the pin holes 
were inhibited from developing. Note that the line connecting point "A" (i.e., (0.05. 0)) and point "B" (i.e.. (0. 0.04) is 
expressed by an equation. "Y"=(-0.8){"X")+0.04 . 

5 

Fourth Preferred Embodiment 

In the Fourth Preferred Embodiment, the contents of the inevitable impurities, such as Pb, Al. P, S, Sn, Zn, Bi. Sb, 
Mg, and so on, were controlled so as not to mingle them during ti:'? copper-based-alloy powder preparation ranging 
10 from the melting process to the atomizing process, and that the contents of the inevitable impurities were adjusted as 
described below. Except this inevitable-impurities control, the Fourth Preferred Embodiment was carried out in the 
same manner as the Second Preferred Embodiment. Namely, the contents of Ni. Si. Co. Mo. Cr. Fe, and O were fixed 
as those of the Second Prefened Embodiment, and the content of C was varied diversely 

Specrfically. in the Fourth Preferred Embodiment, the content of Pb was 0.01% by weight, and the contents of the 
75 Other inevitable impurities, such as Al, P. S. Sn, Zn, Bi, Sb, and Mg, were 0.05% by weight in total. 

The resulting copper-based alloy powders were used to form the built-up layer 2 as illustrated in Figs. 1 and 2 by 
means of laser under the same conditions as those of the Second Preferred Embodiment. 

Evaluation on Weld-bead Cracks 

20 

The resulting built-up layers 2 were examined for crack occurrence. Fig. 32 illustrates the results of this evaluation. r 
As can be appreciated from Fig. 32. the built-up layers 2 made from the copper-based alloy powders of the Fourth Pre- 
ferred Embodiment exhibited a crack-occurrence characteristic similar to those of the First Preferred Embodiment illus- 
trated in Fig. 3. Note that, compared with Fig. 3. the effect of the carbon content shifts to a smaller side in Fig. 32; 
25 namely: the crack occurrence decreased even when the carbon content was 0.05% by weight or less (e.g.. 0.03% by 
weight). 

Fifth Preferr ed Embodiment 

30 in the Fifth Preferred Embodiment, the content of Pb. one of the inevitable impurities, was adjusted to 0.01% by 
weight, the contents of Al. P. S. Sn. Zn, Bi. Sb. and Mg, the other inevitable impurities, were adjusted to 0.05% by weight 
in total. Except this inevitable-impurities control, the Fifth Preferred Embodiment was carried out in the same manner 
as the Third Preferred Embodiment. Namely the contents of Ni, Si, Co. Mo. Cr, and Fe were fixed as those of the Third 
Preferred Embodiment, and the contents of C and O were varied diversely 

35 The resulting copper-based alloy powders were used to form the built-up layer 2 as illustrated in Figs. 1 and 2 by 
means of laser under the same conditions as those of the Second Preferred Embodiment. 

Evaluation on Weld-bead Cracks 

40 The resulting built-up layers 2 were examined for crack occurrence and pin holes in the weld beads in the same 

manner as the Third Preferred Embodiment. Fig. 33 illustrates the results of this evaluation. In Fig. 33, blank circles (O) k 
designate the crack occurrence of 0.05% or less, blank triangle (a) designate the crack occurrence of from 0.05 to 
1 .0%, crosses (X) designate the crack occurrence of 1.0% or more, and solid triangle (A) designate the occurrence of 
appreciable pin holes. As can be appreciated from Fig. 33, the built-up layers 2 made from the copper-based alloy pow- 

45 ders of the Fifth Preferred Embodiment exhibited a crack-occurrence and pin-hole-occurrence characteristic similar to 
those of the Third Preferred Embodiment illustrated in Fig. 31. Note that, compared with Fig. 31. the hatched area, 
resulting in the reduction of the crack- and pin-hole-occurrences, broadens to the smaller carbon-content side in Fig. 
33: namely: the crack occurrence decreased even when the carbon content was 0.05% by weight or less. 

Thus, it is understood from Fig. 33 that, when the content of Pb was controlled to 0.01% by weight, and when the 

so carbon content "X" and oxygen content "Y" satisfied the aforementioned relationships (1). (2) and (4). the crack occur- 
rence could be reduced to 0.05% or less, and simultaneously the pin holes were inhibited from developing. Note that 
the line connecting point "P" (i.e., (0.05. 0)) and point "Q" (i.e., (0, 0.03) is expressed by an equation. 
"Y"=(.0.6)("X>0.03.. 

55 Sixth Preferred Embodiment 

In the Sixth Preferred Embodiment, the contents of Ni. Si. Co. Mo. Cr. Fe. C, and O were fixed to 16.0% by weight, 
2.80% by weight, 7.40% by weight, 6.2% by weight. 1.4% by weight. 4.90% by weight, 0.1% by weight, and 0.0030% 
by weight, respectively Moreover, the content of Pb was varied diversely. Then, the raw alloying elements thus prepared 
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were processed in the same manner as the First Preferred Embodiment to produce a variety of wear-resistant copper- 
based alloy powders which had a grain size of from 80 to 350 meshes. 

Note that, also in the Sixth Prelerred Embodiment, the contents of the inevitable impurities, such as Al. P. S. Sn, 
Zn, Bi. Sb, Mg, and so on. were not controlled. Accordingly, in the copper-based alloy powders of the Sixth Preferred 
5 Embodiment, it is believed that the inevitable impurities, such as Al, P. S. Sn. Zn. Bi, Sb. Mg, and so on, were present 
in a total amount of about 0.5% by weight. 

The resulting copper-based alloy powders were used to form the built-up layer 2 as illustrated in Figs. 1 and 2 by 
means of laser under the same conditions as those of the Second Preferred Embodiment. 

w EvalM^tipn on Wgld-t^gad Qragkg 



The resulting built-up layers 2 were examined for crack occurrence in the weld beads in the same manner as the 
Second Preferred Embodiment. Fig. 34 illustrates the results of this evaluation. As can be seen from Fig. 34, it was 
found that the smaller Pb content was preferable, because the crack occurrence decreased accordingly. However, when 
15 the Pb content exceeded 0.02% by weight, the crack occurrence increased sharply 

All of the inevitable impurities. Al, P, S, Sn. Zn. Bi, Sb. and Mg, are elements of low melting point and low boiling 
point. Contrary to Pb. the other inevitable impurities, such as Al. P, S, Sn. Zn, Bi, Sb, and Mg, can solid-solve in the 
present wear-resistant copper-based alloy; namely: they can solid-solve in the a-phase matrix of Cu-Ni alloy when they 
are. present in a trace amount. Consequently, the other inevitable impurities do not precipitate in completely solidified 
20 portions. Hovyever, in the building-up operation employing a high-temperature beat source like laser, the built-up layer 
> is heated at a maximum temperature which reaches in a range of from 2,800 to 3,000 **C maximally. As a result, Al, P, 

' S. Sn, Zn. Bi, Sb, and Mg vaporize and remain in the built-up layer to cause the gas defects even when they are present 

in a trace amount. Therefore, it is preferred that the inevitable impurities. Al. P. S. Sn. Zn. Bi. Sb, and Mg. are present in 
an amount as small as possible, for instance, in a total amount of 0.05% by weight. 
25 Moreover, when the present wear-resistant copper-based alloy is used to build-up by means of laser, it is preferred 
that at least one element selected from the group consisting of Y, misch metal, and Hf is present in an amount of from 
0.01 to 0.1% by weight. These elements bond with O to form a stable oxide film when the laser-building-up operation is 
carried out. The oxide film absorb laser beam stably, forms a proper pool of niolten metal, and subsidizes the resulting 
molten-metal pool. This advantageous effect can be produced when one of the elements is present or when two or 
30 more of them are present. 

Note that, when two or more of the elements are present, they are preferably present in a total amount of from 0.01 
to 0.1% by weight. When two or more of them are present in a total amount of less than 0.01% by weight, they produce 
the oxide film less, the reflectance of laser beam irtcreases. and the molten-metal pool arises improperly. As a result, 
various defects are likely to occur in the resulting build-up layer. When two or more of them are present In a total amount 
35 of more than 0. 1 % by weight, they produce the oxide film much, and the absorption of laser beam increases. As a result, 
the substrate is likely to be heated excessively and diluted too much. Additionally, the f lowability of molten metal is likely 
to degrade in the production of powder. 

In addition, the above-described preferred embodiments deal with the case where the present wear-resistant cop- 
per-based alloy was applied to the powder building-up operation by means of laser. It is believed that the present wear- 
40 resistant copper-based alloy can be applied to a variety of building-up operations which employ the other energy. 
) sources, such as plasma, acetylene gas, TIG. and the like. 

Having now fully described the present invention, it will be apparent to one of ordinary skill in the art that many 
changes and modifications can be made thereto without departing from the spirit or scope of the present invention as 
set forth herein including the appended claims. 

45 

Claims 



1 . A wear-resistant copper-based alloy, comprising: 

nickel (Ni) in an amount of from 10.0 to 30.0% by weight; 
so iron (Fe) in an amount of from 2.0 to 1 5.0% by weight; 

cobalt (Co) in an amount of from 2.0 to 15.0% by weight; 
silicon (Si) in an amount of from 0.5 to 5.0% by weight; 
chromium (Cr) in an amount of from 1 .0 to 10.0% by weight; 

at least one first optional element selected from the group consisting of molybdenum (Mo), titanium (Ti). zir- 
55 conium (Zr). niobium (Nb) and vanadium (V) in an amount of from 2.0 to 15.0% by weight; 

at least one second optional element selected from the group consisting of carbon (C) and oxygen (O); and 
the balance of copper (Cu) and inevitable impurities; 

wherein a content of said C, designated by "X'*% by weight, and a content of said O. designated by "Y"% by 
weight, satisfy the following relationships (1) through (3): 



13 



BNSDOCID: <EP ^0727501 A 1_l_> 



EP 0 727 501 A1 



o^*X"so.5: (1) 

0^"Y"<0.05.and (2) 

5 "Y"B(-0.8)rX")+0.04. (3) 

2. A wear-resistant copper-based alloy, comprising: 

nickel (Ni) in an amount of from 10.0 to 30.0% by weight; 
iron (Fe) in an amount of from 2.0 to 15.0% by weight; 
10 cobalt (Co) in an amount of from 2.0 to 15.0% by weight; 
silicon (Si) in an amount of from 0.5 to 5.0% by weight; 
chromium (Cr) in an amount of from 1 .0 to 10,0% by weight; 

at least one first optional element selected from the group consisting of molybdenum (Mo), titanium (Ti), zir- 
conium (Zr). niobium (Nb) and vanadium (V) in an amount of from 2.0 to 15.0% by weight; 
15 at least one second optional element selected from the group consisting of carbon (C) and oxygen (O); and 

the balance of copper (Cu) and inevitable impurities; 

wherein a content of said C. designated by "X**% by weight, and a content of said O, designated by ''Y'^% by 
weight, satisfy the following relationships (1), (2) and (4): 

20 0s"X"g0.5; (1) 

Q^«Y"^0.05; and (2) 

'•Y"£(-0.6)("X")+0.03;and (4) 

lead (P), one of said inevitable impurities, is restricted to an amount of 0.02% by weight or less. 



25 



3. The wear-resistant copper-based alloy according to Claim 1 or 2, wherein said inevitable impurities, such as alumi- 
num (Al), phosphorus (P), sulfur (S). tin (Sn), zinc (Zn). bismuth (Bi), antimony (Sb), and magnesium (Mg), are 

30 present in a total amount of 0.05% by weight or less. 

4. The wear-resistant copper-based alloy according to Claim 1 or 2. wherein at least one third optional element 
selected from the group consisting of yttrium (Y), misch metal, and hafnium (Hf) is present in an amount of from 
0.01 to 0.1% by weight 

35 

5. The wear-resistant copper-based alloy according to Claim 1 or 2, wherein said Ni is present in an amount of from 
12.0 to 25.0% by weight. 

6. The wear-resistant copper-based alloy according to Claim 1 or 2, wherein said Fe is present in an amount of from 
40 3.0 to 10.0% by weight 

7. The wear-resistant copper-based alloy according to Claim 1 or 2. wherein said Co is present in an amount of from 
2.0 to 10.0% by weight 

45 8. The wear-resistant copper-based alloy according to Claim 1 or 2, wherein said Si is present in an amount of from 
0.3 to 3.5% by weight. 

9. The wear-resistant copper-based alloy according to Claim 1 or 2. wherein said Cr is present in an amount of from 
1.0 to 5.0% by weight. - 

so 

10. The wear-resistant copper-based alloy according to Claim 1 or 2, wherein said first optional element is present in 
an amount of from 2.0 to 10.0% by weight. 

11. A wear-resistant copper-based alloy, comprising: 

55 nickel (NI) in an amount of from 10.0 to 30.0% by weight: 

iron (Fe) in an amount of from 2.0 to 15.0% by weight: 
cobalt (Co) in an amount of from 2.0 to 15.0% by weight; 
silicon (Si) in an amount of from 0.5 to 5.0% by weight; 
chromium (Cr) in an amount of from 1 .0 to 10.0% by weight; 
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at least one first optional element selected from the group consisting of molybdenum (Mo), titanium (Ti). zir- 
conium (Zr). niobium (Nb) and vanadium (V) in an amount of from 2.0 to 15.0% by weight: 
the balance of copper (Cu) and inevitable impurities; 

wherein lead (P). one of said inevitable impurities, is restricted to an amount of 0.02% by weight or less. 
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Fig . 1 
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Fig . 3 
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Fig . 4 
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Fig . 8 
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Fig . 11 
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Fig . 15 



C(X) : 0.5wt% 
Si 




Fig . 16 



C(X) : 0.5wt% 
C 
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Fig . 19 



C(X) : 0.7wt% 
Ni 




Fig . 2 0 



C(X) : 0.7wt% 
Mo 
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Fig . 21 
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Fig . 23 
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Fig . 24 
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Fig . 2 5 
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Fig . 2 6 

0.05% C 



) 




29 

BNSDOCID: <6P ^0727501A1 J_> 



EP 0 727 501 A1 



Fig . 27 
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Fig . 28 
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Fig . 2 9 
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Fig . 32 
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Fig . 3 4 
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